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Abstract
Background  The objective of this study was to examine the impact of diaphragm thickness (DT) on the prognosis 
of elderly patients infected with COVID-19, particularly with regard to the necessity of intensive care unit (ICU) 
admission.

Methods  Between August 2020 and January 2021, 188 patients aged ≥ 65 years who were admitted to the internal 
medicine department of our hospital with a diagnosis of COVID-19 infection, were included in this study. The patients’ 
DTs of the patients were measured by a radiologist using computed tomography (CT) scans from the right and left 
diaphragm dome level. DT was compared with the progression of respiratory distress and the necessity of intensive 
care. In statistical analysis, p < 0.05 was considered significant.

Results  Right DT was higher in the group of patients with admission to the ICU (p = 0.11). According to multivariate 
logistic regression analysis, ferritin level (OR = 1; 95% CI = 1–1; p = 0.014), IL-6 level (OR = 1.004; 95% CI = 1-1.007; 
p = 0.045) and higher right DT (OR = 11.015; 95% CI = 3.739–32.447; p = 0.035) were found to be independent risk 
factors predicting the ICU admission in COVID-19 patients. There was no significant association with left DT. The 
predictive value of right DT for ICU requirement in COVID-19 patients was evaluated by ROC analysis. The ROC analysis 
showed a cut-off value > 1.8, AUC = 0.632, p = 0.009, 95% Cl (0.558–0.701). In correlation analysis, a positive correlation 
was found between right DT and ICU admission (r = 0.331, p < 0.001).

Conclusion  Our study is the first to evaluate dome-level DT with CT in elderly patients with COVID-19. In the elderly 
population, higher right DT levels have been observed to enhance the probability of ICU admission. This may be due 
to the fact that our sample group consists only of elderly people and the effects of COVID-19. We believe that further 
validation with more comprehensive studies is needed for DT assessment for clinical treatment decisions, particularly 
in COVID-19 patients. In addition, we think that the proposal for a standardized measurement site and method for DT 
measurement will be a guide for future studies.

Clinical trial  Not applicable.
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Introduction
The novel coronavirus, officially designated as SARS-
CoV-2 (COVID-19), has had a profound global impact, 
leading to a pandemic that has resulted in significant 
mortality and morbidity. The group most affected by 
COVID-19 and with the highest mortality rate are elderly 
patients [1, 2, 3]. Elderly patients are more vulnerable to 
all kinds of external stress and interference than younger 
patients. ICU hospitalizations in the elderly bring addi-
tional risk factors that increase mortality and morbidity, 
especially delirium. Protection of the elderly patient from 
this condition is more significant than effective care in 
the ICU [4, 5, 6, 7, 8]. In COVID-19 infection, respiratory 
distress has been the most challenging situation for clini-
cians. In these patients, respiratory distress, respiratory 
muscle dysfunction and the intubation process are the 
major contributors to mortality [9, 10].

The diaphragm is the primary respiratory muscle and 
plays a pivotal role in maintaining respiratory homeo-
stasis. Like other muscles in the human body, it is sus-
ceptible to the effects of ageing and sarcopenia [11]. 
Sarcopenia and diaphragm weakness are conditions that 
become more prevalent with age. Impaired diaphragm 
performance is associated with an unfavourable prog-
nosis for patients, regardless of the degree of diaphragm 
dysfunction. For example, conditions such as hypoxic 
stress, critical illness, cancer cachexia, chronic obstruc-
tive pulmonary disease (COPD) and age-related sarco-
penia, are characterised by significant diaphragm muscle 
dysfunction [12]. Diaphragm thickness (DT) has been 
evaluated in ICU patients in many studies and used as 
a parameter for weaning the patient from mechani-
cal ventilation [13, 14]. There are also DT-related stud-
ies evaluating intubation and mortality in patients with 
COVID-19 [15, 16, 17]. The majority of extant studies 
posit that the thinning of the diaphragm muscle exerts an 
adverse effect on respiration and the patient’s prognosis. 
However, there are studies demonstrating that there is 
no difference in mortality and prognosis between groups 
with and without a decrease in DT. Furthermore, there 
are a limited number of studies showing that an increase 
in DT is associated with unfavorable outcomes. These 
results may be due to the difference in measurement 
methods [13, 18]. DT measurement can be performed by 
many different methods such as ultrasonography (USG), 
CT and magnetic resonance imaging (MRI). The use of 
CT for DT measurement in COVID-19 patients appears 
to be safer and more convenient than other methods. 
Thorax CT has been a frequently used method to dem-
onstrate lung involvement, determine its severity, guide 
treatment and evaluate response to treatment, especially 
during the COVID-19 pandemic [19]. However, there 
is no standard recommendation for the location and 
method of DT measurement with CT. A limited number 

of studies have measured the thickness of the hemi-
diaphragm in coronal sections at the level of the celiac 
trunk, from both the mid and posterior vertebral body 
levels [15, 16, 20]. Furthermore, there are studies where 
the DT was measured at the level of the right and left 
hemidiaphragm dome [21, 22].

In this study, we aimed to investigate the relationship 
between diaphragm thickness, the most important mus-
cle of respiration and prognosis in elderly patients with 
COVID-19 infection, an important disease involving the 
respiratory system. We also hoped to contribute to the 
literature in terms of standardization of tomographic 
measurement of DT.

Materials and methods
This is a retrospective cross-sectional study. Our study 
was approved by Ministry of Health, Provincial Health 
Directorate, Ankara Bilkent City Hospital, Ethics Com-
mittee No. 1. (Date: 25.11.2020, Decision: E1-20-1330).
The research was conducted in accordance with the ethi-
cal standards set forth in the Declaration of Helsinki

Data collection
The study included 188 patients aged ≥65 years who 
received inpatient treatment with a diagnosis of COVID-
19 between August 2020 and January 2021 in the internal 
medicine clinics of Ankara Bilkent City Hospital affili-
ated to the Ministry of Health. The patients’ records were 
analysed retrospectively. Demographic characteristics, 
laboratory data (haemogram, CRP, procalcitonin, inter-
leukin-6 and ferritin), length of hospital stay, admission 
for intensive care and excitus status of the patients were 
recorded.

The data were collected by reviewing patient records 
and the hospital information system. Patients with a 
documented history of lung disease, an absence of data, 
and no chest tomography were excluded from the study. 
Patients under the age of 65 were excluded to mitigate the 
potential for confounding variables, including immune 
response, the impact of physiological changes associated 
with aging, and comorbidities. These patients were also 
not utilized as a control group for comparative analysis. 
Patients with neuromuscular diseases, such as phrenic 
nerve injury, Guillain-Barré syndrome, myasthenia gra-
vis and myasthenia gravis, which may affect diaphragm 
function and patients who were mechanically ventilated 
on admission, were also excluded from the study. DT was 
measured twice at three-month intervals by a radiologist 
and averaged (Intraclass correlation coefficient = 0.945, 
95%CI 0.897–0.971, p < 0.001).

Radiological measurement
All thorax CT studies were conducted using a 128-detec-
tor system (GE Revolution, General Electric, Milwaukee, 
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WI), with images captured from the first rib to the adre-
nal glands, in a non-enhanced state. The following tech-
nical parameters were employed: 100 kV, 110 mAs, body 
filter, 1.25  mm slice thickness, 512 × 512 reconstruction 
matrix, spiral pitch factor 1.375:1. All CT scans were 
imported from the Picture Archiving and Communi-
cation System of the radiology system and stored on a 
secure computer system for subsequent analysis.

The image was analysed by a radiologist with 11 years 
of experience. The analysis was conducted on worksta-
tions utilizing bespoke software packages (AW4.7 Ext.13 
software, GE, USA). The radiologist measured the dome 
of the right and left diaphragm thickness in the coro-
nary position, which was reconstructed using a 1  mm 
thickness image between the ninth and tenth intercostal 
spaces. Each diaphragm was measured on three occa-
sions by the same radiologist and the mean value of the 
three measurements was subsequently provided (Fig. 1 ).

Statistical analysis
The data was analysed using the SPSS 22 software (IBM 
SPSS Statistics, IBM Corporation, Chicago, IL). The nor-
mal distribution of variables was assessed using Shapiro-
Wilk tests. Normally distributed variables are presented 

as mean ± standard deviation, while non-normally dis-
tributed variables are presented as median (minimum-
maximum) values. When comparing non-categorical 
parameters between groups, Student’s T-test was used 
for normally distributed parameters and the Mann-Whit-
ney U-test for non-normally distributed parameters. 
Chi-square or Fisher’s exact tests were used for categori-
cal variables. Independent risk factors for the need for 
intensive care in COVID-19 patients were assessed using 
the Backward LR method with multivariate analysis, 
including parameters that created a significant difference 
between the groups.

Lymphocyte, CRP, procalcitonin, interleukin-6 and fer-
ritin levels, which are laboratory parameters with proven 
prognostic importance especially in cases of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-
tion, were used in multivariate logistic regression analy-
sis [17, 23, 24, 25]. Multicollinearity was assessed prior to 
analysis. The multivariate analyses did not include oxy-
gen requirement and hospitalization duration because 
these variables correlated with laboratory parameters. 
The right DT in predicting the need for intensive care in 
COVID-19 patients was analysed using the ROC curve 
with a 95% confidence interval. Cut-off values predicting 

Fig. 1  Right and left diaphragm thickness measurement in the coronary position reconstructed with a 1 mm thick image between the ninth and tenth 
intercostal space at the level of the diaphragm dome
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the need for ICU were calculated with the Youden 
Index. p values below 0.05 were considered statistically 
significant.

Results
Of the 188 COVID-19 patients included in the study, 
95 (50.5%) were female. The mean age was 76 (65–96) 
years; 149 (79.3%) patients were in the group without 
ICU admission, while 39 (20.7%) patients were in the 
group with ICU admission. Duration of hospitalisation 
(p < 0.001), oxygen requirement (p = 0.001), presence of 
excites (p < 0.001), lymphocyte level (p = 0.500), procalci-
tonin level (p = 0.019), maximum ferritin level (p = 0.006), 
maximum IL-6 level (p = 0.048), and right DT (p = 0.011), 
were higher in the group of patients requiring ICU. No 
difference in left DT was found between the groups 
(p = 0.342). Demographic, clinical, comorbidity, labora-
tory, treatment and radiological data of the patients are 
shown in Table 1.

In our study, according to multivariate logistic regres-
sion analysis, ferritin level (OR = 1; 95% Cl = 1–1; 
p = 0.014), IL-6 level (OR = 1.004; 95% Cl = 1-1.007; 

p = 0.045) and right DT elevation (OR = 11.015; 95% 
Cl = 3.739–32.447; p = 0.035) were found to be indepen-
dent risk factors predicting the need for intensive care in 
COVID-19 patients (Table 2).

The predictive value of right DT for the need for inten-
sive care in COVID-19 patients was evaluated using ROC 
analysis. The ROC analysis showed a cut-off value > 1.8, 
AUC = 0.632, p = 0.009, 95% Cl (0.558–0.701). Right 
DT > 1.8  mm had 64.1% sensitivity and 59.1% specific-
ity for intensive care admission (Fig.  2). However, the 
diagnostic performance of the left DT was not sufficient 
for admission to the intensive care unit. ROC analyses 

Table 1  Demographic, clinical, laboratory and radiological characteristics of patients with and without intensive care unit requirement 
due to COVID-19 disease

Total
(n = 188)

Patients without ICU 
admission (n = 149, 
79.3%)

Patients with ICU 
admission (n = 39, 
% 20.7)

p

Demographic data
Age (median) (min-max) 76(65–96) 75(65–96) 78(65–95) 0.180
Female gender, n (%) 95 (50.5) 75 (50.3) 20 (51.3) 0.916x

Clinical data
Duration of hospitalisation (days) (Median)(min-max) 12 (3–40) 10 (3–36) 16 (6–40) < 0.001m

Presence of oxygen requirement, n (%) 122 (64.9) 88 (59.1) 34 (87.2) 0.001x

Exitus, n (%) 33 (17.6) 12 (8.1) 21 (53.8) < 0.001x

Additional diseases
Hypertension, n (%) 142 (75.5) 112 (75.2) 30 (76.9) 0.820x

Diabetes Mellitus, n (%) 76 (40.4) 60 (40.3) 16 (41) 0.932x

COPD:, n (%) 55 (29.3) 42 (28.2) 13 (33.3) 0.529x

CAD, n (%) 85 (45.2) 65 (43.6) 20 (51.3) 0.392x

Dementia, n (%) 19 (10.1) 15 (10.1) 4 (10.3) 0.972x

Hypothyroidism, n (%) 15 (8) 12 (8.1) 3 (7.7) 0.941f

Chronic renal failure, n (%) 18 (9.6) 12 (8.1) 6 (15.4) 0.166f

Laboratory data
Lymphocyte (109/L) (Median)(min-max) 920 (160–8210) 960 (160–8210) 800 (330–2770) 0.500m*

CRP ( gr/L) (median)(min-max) 78 (1-291) 82.6 (1-269) 56.6 (5.5–291) 0.219m

Procalcitonin (μg/L) (median)(min-max) 0.1 (0–20) 0.1 (0–20) 0.2 (0.03–2.5) 0.019m

Maximum ferritin level (μg/L) (Median)(min-max) 571 (24-29467) 543 (24-12391) 989 (47-29467) 0.006m

Lactate (mmol/L) (Median)(min-max) 1.6 (0.02–4.9) 1.6 (0.02–4.9) 1.5 (0.5–3.7) 0.197m

Maximum interleukin-6 level (pg/mL) (median)(min-max) 571 (24-29467) 26.3 (0.1–759) 33.3 (3.6–1000) 0.048m

Radiological findings
Right DT (mm) (Mean ± SD) 1.8 ± 0.4 1.7 ± 0.4 2 ± 0.4 0.011t

Left DT (mm) (Mean ± SD) 1.8 ± 0.4 1.8 ± 0.4 1.8 ± 0.4 0.342t

COVID-19: coronavirüs Disease 19 COPD: Chronic Obstructive Pulmonary Disease, CAD: Coronary Artery Disease, CRP: C reactive protein, DT: diaphragm thickness, m: 
Mann Whitney U Testi, t: Student’t T Testi x: Ki-kare Testi, f: Fisher’s Exact Testi

Table 2  Determination of risk factors related to ICU admission 
in patients with COVID-19 by multivariate logistic regression 
analysis

OR (% 95 GA) p
Lymphocyte (109/L) 1 (0.999-1) 0.761
Maximum ferritin level (μg/L) 1 (1–1) 0.014
Maximum interleukin-6 level (pg/mL) 1.004 (1-1.007) 0.045
Procalcitonin (μg/L) 1.004 (0.702–1.216) 0.573
Right DT (mm) 11.015 (3.739–32.447) 0.035
DT: diaphragm thickness
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showed no significant change in diagnostic performance 
when right DT was combined with procalcitonin, ferritin 
or IL-6 parameters (Table 3). Correlation analysis showed 
a positive correlation between right DT and need for 
intensive care (r = 0.331, p < 0.001).

Discussion
The diaphragm is the most important muscle for respira-
tion and changes can occur in the diaphragm, as in any 
organ, with aging. The elderly population is predisposed 
to respiratory diseases and exhibits elevated mortal-
ity and hospitalization rates [4]. In this study, we exam-
ined the prognostic significance of DT in elderly patients 
with COVID-19, an important respiratory infection. A 
review of the extant literature revealed no studies that 

Fig. 2  Receiver operating characteristic (ROC) curve of right diaphragm thickness (DT) for predicting ICU admission rate. Receiver operating character-
istic analysis to assess the predictive power of right DT revealed a cut-off value of 1.8 mm (AUC = 0.632, 95% CI [0.558–0.701] p = 0.009) for ICU admission 
rate. AUC: area under the curve, CI: confidence interval

 



Page 6 of 10Tastemur et al. BMC Pulmonary Medicine          (2025) 25:152 

had evaluated DT with tomographic examination exclu-
sively in elderly patients and in this respect, this study is 
the first [26]. The cut-off for right DT was 1.8 mm and we 
found a positive correlation between right DT and ICU 
admission.

There was no significant association between left DT 
and ICU admission. We thought that this might be due 
to the structure of the left DT, the presence of the heart 
in that region and the different degree of contribution to 
respiration.

In our study, the finding that high right DT levels pre-
dicted the need for ICU shows some differences with the 
existing literature. This phenomenon was hypothesized 
to be attributable to numerous factors. These included 
the different method and location of DT measurement, 
the effects of COVID-19 infection, and the fact that the 
sample group consisted only of elderly people.

In a study by Parlak et al. of 404 COVID-19 patients, 
DT was measured at the level of the celiac artery trunk 
and decreased DT was found to be associated with poor 
prognosis. In this study, the mean age was 49.2 years and 
there was a weak correlation between DT and age [15]. 
In a similar study by Dal et al., low DT in ICU patients 
was found to be lower in patients who required intuba-
tion and died [17].

Hadda et al. performed daily DT measurements with 
USG in non-intubated COVID-19 patients within five 
days of hospitalization and found a temporal decrease in 
DT. In this study, the authors measured DT at the right 
and left dome level. The sample consisted of 64 patients 
with a mean age of 50.2 years [27]. In the present study, 
chest CT scans of patients were evaluated during their 
initial hospitalization. Consequently, the current findings 
belong to the initial period of the disease. The current DT 
increase can be attributed to the active phase of the dis-
ease. Possible causes such as hypertrophy mechanisms 
via ACE receptors, defined as the COVID-19 receptor, 
and cytokine storm may account for this result. It is not 
known whether the current increase continues. Due to 
the absence of control CT results in our study, it is not 
possible to provide definitive statements regarding this 
issue. DT is influenced by numerous factors. Farr et al. 

evaluated the maximum expiratory and end-inspiratory 
thicknesses of the diaphragm muscle with USG dur-
ing patient follow-up after COVID-19 and showed a 
significant decrease in muscle contraction. This study 
highlights the prolonged effects of COVID-19 and its 
contractile function as well as thickness [28]. In another 
USG-based study, Umbrello et al. evaluated the dia-
phragm muscle and the rectus femoris muscle together 
and found that the decrease in muscle mass and changes 
in muscle structure were associated with protein defi-
ciency and fluid balance [29]. In these studies, the sam-
ple size was selected from the general population and no 
special evaluation was made exclusively for the elderly. 
Consequently, the findings of the present studies appear 
to be inadequate for the purpose of generalization to 
elderly patients. In addition, DT measurement methods 
and locations are different, so it is not possible to make a 
reliable comparison.

In studies comparing respiratory muscle strength and 
DT with sarcopenia in the elderly, it has been shown that 
DT is reduced in sarcopenic elderly. However, the sam-
ple sizes in these studies are quite small, with 45 and 60 
subjects, respectively [30, 31]. Among the studies with 
COVID-19 in the literature, there were limited studies 
evaluating sarcopenia with DT. These studies used USG 
to assess both the diaphragm and peripheral muscles [29, 
32, 33].

The mechanisms responsible for age-related diaphragm 
sarcopenia are not yet fully understood, however the 
extant literature has yielded divergent results and the 
neuromuscular mechanism is the most emphasized of 
these. A number of studies have investigated neuromus-
cular transmission using a general measure of the force 
generated by the diaphragm muscle in response to nerve 
and direct muscle activation, during aging. The results 
of the study indicate that alterations in neuromuscu-
lar transmission occur prior to the onset of diaphragm 
muscle weakness or substantial muscle fiber atrophy 
[34]. A recent study in mice with a model of premature 
aging found a state of diaphragm hypertrophy that con-
tradicts previous literature. Indeed, in the early stages of 
the aging process, a phenomenon of muscle remodelling 

Table 3  ROC analyses for intensive care unit admission
Parameters AUC 95%CI Cut-off p value Sensitivity Specificity
Right DT 0.632 0.558–0.701 > 1.8 0.009 64.1% 59.1%
Left DT 0.507 0.433–0.581 > 1.7 0.887 66.7% 43.0%
PCT 0.610 0.535–0.680 > 0.15 0.038 53.8% 66.4%
Max ferritin 0.542 0.468–0.614 ≤ 510 0.412 76.9% 38.3%
Max IL-6 0.596 0.502–0.684 > 119 0.108 22.9% 98.8%
Right DT + PCT 0.621 0.547–0.691 - 0.019 64.1% 59.6%
Right DT + max ferritin 0.650 0.577–0.718 - 0.002 51.3% 75.8%
Right DT + max IL-6 0.614 0.521–0.702 - 0.062 34.3% 94.1%
DT: diaphragm thickness IL-6: interleukin-6, PCT: Procalcitonin
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is observed, where the body tries to repair damaged 
fibers and mimics the effects of hypertrophy (pseudohy-
pertrophy). A similar study was conducted on younger 
elderly people without a history of falls. In that study, 
diaphragm muscle thickening was evaluated using ultra-
sound and it was found that the diaphragm muscle thick-
ened in the elderly [11, 35]. A multitude of factors have 
been demonstrated to contribute to loss of muscle mass 
and dysfunction in animal models. These factors include 
hypercapnia, hypoxia, acidosis, smoking, metabolic dis-
orders, comorbidities, nutritional abnormalities, genetic 
predisposition, medications, systemic inflammation, 
aging and inactivity. It is important to consider these fac-
tors when addressing muscle loss and dysfunction. Given 
the accumulated knowledge in this field, it is evident that 
a multitude of factors influence diaphragm muscle mass 
and function, particularly in elderly patients [12].

The angiotensin-converting enzyme-2 (ACE2) recep-
tor has been identified in studies as the entry receptor of 
the virus causing COVID-19. Specifically, on diaphragm 
muscles, ACE2 functions as a master regulator of the 
renin angiotensin system (RAS), mainly by converting 
Ang (angiotensin) I and Ang II to Ang 1–9 and Ang 1–7, 
respectively. The effects of pathways driven by ACE2/
Ang 1–7 include adverse fibrosis, hypertrophy, increased 
reactive oxygen species (ROS) and vasoconstriction [36]. 
Overactivation of the Ang 1-7-Mas pathway has been 
shown to reduce muscle weakness in aged mice [37]. In 
a postmortem study involving COVID-19 intensive care 
patients, ACE-2 expression and SARS-CoV-2 viral infil-
tration in the human diaphragm were examined and the 
results showed increased expression of genes involved 
in fibrosis in the diaphragm and histological evidence 
of fibrosis development [38]. In another study examin-
ing the relationship between COVID-19 and diaphragm 
myopathy, the diaphragms of critically ill patients 
showed extremely large myofibers that histopathologi-
cally divided and contained many central nuclei [39]. The 
sample sizes in these postmortem studies were minimal 
and no measurements of DT were recorded. Therefore, 
these results can be accepted as a hypothesis. Neverthe-
less, these results suggest that COVID-19 through the 
ACE2 receptor has effects on the diaphragm muscle dif-
ferent from other infections. This finding may offer a par-
tial explanation for the observed increase in DT among 
patients requiring intensive care. However, it is impor-
tant to note that this explanation is not definitive. Nev-
ertheless, given the prevalence of hypertension and the 
use of ACE inhibitors in elderly patients, as well as the 
associated upregulation of ACE receptors, the potential 
effects of ACE receptors should not be disregarded [40].

Although studies have generally found that decreased 
DT is associated with ICU admission and mortality, there 
are different results. Branea et al. in their study in which 

patients with COVID-19 were evaluated in two groups 
as patients with and without a decrease in DT, no signifi-
cant difference was found between the groups in terms of 
intensive care unit admission and mortality [41]. In the 
study by Goligher et al., there was both a decrease and an 
increase in diaphragm thickness in patients followed up 
with mechanical ventilation. These two conditions were 
found to be associated with negative outcomes. In this 
study, DT was measured and evaluated from the dome 
level, just as in our own study [13].

Evaluation of right DT in combination with other prog-
nostic factors will provide more information in terms 
of predicting the need for ICU. In our study, to increase 
the specificity of right DT in predicting ICU admission, 
DT was evaluated together with lymphocyte, ferritin, 
interleukin-6, and procalcitonin levels, which have been 
reported to be prognostic for COVID-19. A significant 
increase in specificity was also found with ferritin. In very 
large-scale meta-analyses examining the prognostic rela-
tionship between COVID-19 and laboratory parameters, 
ferritin has been emphasized as an important prognostic 
marker. Ferritin cut off value is generally accepted to be 
above 500  μg/L and even set as a treatment target [42, 
43]. In addition, a weak positive correlation was found 
between increased right DT and ICU admission. It was 
thought that this relationship was related to the elderly 
sample group and should be evaluated together with 
other parameters.

Especially in COVID-19 studies, it was observed that 
tomographic DT measurements were made by measur-
ing the celiac artery trunk at the crus level. However, 
when the literature was examined, it was seen that there 
are also studies measured from the dome level, as in our 
study [13, 21]. Gatti et al. conducted a study in which 
they measured the thickness of the diaphragm using 
tomography, at both the dome and crus levels. They then 
investigated the relationship between these measure-
ments and ultrasonographic measurements [44]. In a 
meta-analysis comparing ultrasound and non-ultrasound 
imaging techniques in the evaluation of diaphragmatic 
dysfunction, DT measurement methods were divided 
into static and dynamic. Static methods include bright-
ness mode (B-mode) ultrasound, chest radiography, CT 
and static MRI; dynamic methods include motion mode 
(M-mode) ultrasound, fluoroscopy and dynamic MRI. It 
is important to note that the DT measurement site dif-
fers in each of these methods. In general, studies have 
addressed different sample groups, namely intensive care 
patients, different lung infections and mechanical venti-
lation conditions [26]. In addition, the diaphragm has a 
very different muscular structure. Firstly, it is divided into 
a right and a left hemidiaphragm. The peripheral part of 
the diaphragm consists of muscle fibres, while the cen-
tral part (tendon) consists of noncontractile aponeurosis. 



Page 8 of 10Tastemur et al. BMC Pulmonary Medicine          (2025) 25:152 

Muscle fibres are divided into three parts: the vertebral 
part, the costal part and the sternal part. The vertebral 
portion consists of two crus and arcuate ligaments. The 
costal portion originates from the lower six costae and 
costal cartilages, while the sternal portion originates 
from the xiphoid process of the sternum. The peripheral 
muscle fibres join together in the middle part of the dia-
phragm to form the central tendon, which can be likened 
to a three-leaf clover. The right and left leaflet form the 
dome, while the upper side of the anterior leaflet is par-
tially fused with the pericardium. The diaphragm is sur-
rounded by thin layers of pleura and peritoneum [45, 
46, 47]. In light of the distinct structural characteristics 
of the diaphragm, Haaksma et al. undertook a compre-
hensive study. Utilizing ultrasonography (USG), they 
measured the diaphragm’s thickness (DT) from multiple 
regions and sought to delineate the optimal measure-
ment site [48].

Consequently, it may be unwise to generalize and eval-
uate an organ with such divergent anatomy and physiol-
ogy by measuring it from a single location. In addition, 
the effects of COVID-19 on the diaphragm muscle are 
still not clearly known. Although conditions such as ACE 
and related fibrosis, known as COVID-19 and its entry 
receptors into the body, conditions such as excessive 
immune response results, cytokine storm, etc. have been 
studied, there are no definitive results [49, 50].

Current research on the correlation between COVID-
19 and diaphragm thickness is limited. Diaphragm 
muscle mass and function are affected by many factors, 
notably age. In addition, there is no standardisation for 
the measurement of diaphragm thickness, measurement 
site and measurement technique. We believe that a reli-
able standardisation according to age, comorbidities and 
measurement site is needed in order to evaluate DT mea-
surement in all patients in the same way.

Limitations
Our study had several limitations. First, it was retrospec-
tive, the sample size was small and it was single centered. 
Another limitation was the inability to establish a cause-
and-effect relationship due to the cross-sectional study 
design.

The measurement of DT was executed using a method-
ology that is comparatively infrequently employed within 
the extant literature. In the absence of a comparable study 
that has evaluated DT with this methodology in patients 
diagnosed with COVID-19, a comprehensive comparison 
that incorporates our established cut-off values was not 
feasible. CT scans were performed at the time of initial 
admission and no follow-up imaging was performed to 
check for changes.

The use of a single measurement method was also a 
limitation. Comparison of DT measured from both the 

dome level and the celiac artery level in future studies 
using CT may be a design for future studies. In addi-
tion, we believe that first evaluating and comparing DT 
measurement with both dynamic and static methods in 
healthy groups may guide future studies for standardiza-
tion of DT measurement method.

Conclusion
This study is among the first to evaluate DT using CT at 
the dome level in elderly COVID-19 patients. Our find-
ings indicate that elevated right DT levels are associated 
with an increased risk of intensive care admission in 
elderly individuals. This observation may be attributable 
to the composition of the sample group, which exclu-
sively comprised elderly individuals and the repercus-
sions of the COVID-19. In accordance with the findings 
of our study, an examination of the extant literature sug-
gests a need for more comprehensive studies to assess 
the efficacy of DT for clinical treatment decisions, par-
ticularly in patients with COVID-19. In addition, since 
the diaphragm is a very heterogeneous organ in terms of 
muscle groups and tendon structure, we think that more 
comprehensive studies comparing dynamic and static 
measurement methods are needed to suggest a standard-
ized measurement site and method for DT measurement. 
Finally, we would like to draw attention to the fact that 
elderly patients should be evaluated differently from the 
normal population in terms of physiological organ dys-
functions that occur with aging.

Abbreviations
COPD	� Chronic obstructive pulmonary disease
CT	� Computed tomography
DT	� Diaphragm muscle thickness
ICU	� Intensive care unit
MRI	� Magnetic resonance imaging
USG	� Ultrasonography

Acknowledgements
None.

Author contributions
MT, CO, EO, GA, KS and IA contributed to the conception, design of the work 
and the acquisition, analysis, interpretation of data, and the drafting and 
revision of the work, and final approval of the work. All authors had the data 
access and contributed to the article. All authors agree to publish the article 
and to be responsible for all aspects of the work.

Funding
No funding sources for research.

Data availability
Data supporting the findings of this study can be obtained but there are 
restrictions on the availability of these data, these data were used under 
license for the current study and are therefore not publicly available. However, 
data can be obtained from the corresponding author upon reasonable 
request.



Page 9 of 10Tastemur et al. BMC Pulmonary Medicine          (2025) 25:152 

Declarations

Ethics approval and consent to participate
Our study was approved by Ministry of Health, Provincial Health Directorate, 
Ankara Bilkent City Hospital, Ethics Committee No. 1. (Date: 25.11.2020, 
Decision: E1-20-1330). The research was conducted in accordance with the 
ethical standards set forth in the Declaration of Helsinki. This is a retrospective 
cross-sectional study. Informed consent forms were obtained from all 
participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 8 January 2025 / Accepted: 13 March 2025

References
1.	 Wu Z, McGoogan JM. Characteristics of and important lessons from the 

coronavirus disease 2019 (COVID-19) outbreak in China: summary of a report 
of 72 314 cases from the Chinese center for disease control and prevention. 
JAMA. 2020;323(13):1239–42.

2.	 Petrilli CM, Jones SA, Yang J, Rajagopalan H, O’Donnell L, Chernyak Y et al. 
Factors associated with hospital admission and critical illness among 5279 
people with coronavirus disease 2019 in New York City: prospective cohort 
study. BMJ (Clinical Res ed). 2020;369:m1966.

3.	 Cantor N, Durr KM, McNeill K, Thompson LH, Fernando SM, Tanuseputro P, et 
al. Increased mortality and costs associated with adverse events in intensive 
care unit patients. J Intensive Care Med. 2022;37(8):1075–81.

4.	 Tang HJ, Tang HJ, Hu FW, Chen CH. Changes of geriatric syndromes in older 
adults survived from intensive care unit. Geriatric nursing (New York, NY). 
2017;38(3):219–24.

5.	 Brunker LB, Boncyk CS, Rengel KF, Hughes CG. Elderly patients and manage-
ment in intensive care units (ICU): clinical challenges. Clin Interv Aging. 
2023;18:93–112.

6.	 Fuchs L, Chronaki CE, Park S, Novack V, Baumfeld Y, Scott D, et al. ICU admis-
sion characteristics and mortality rates among elderly and very elderly 
patients. Intensive Care Med. 2012;38(10):1654–61.

7.	 Mart MF, Williams Roberson S, Salas B, Pandharipande PP, Ely EW. Prevention 
and management of delirium in the intensive care unit. Semin Respir Crit 
Care Med. 2021;42(1):112–26.

8.	 Nguyen YL, Angus DC, Boumendil A, Guidet B. The challenge of admitting 
the very elderly to intensive care. Ann Intensiv Care. 2011;1(1):29.

9.	 Jimeno-Almazán A, Buendía-Romero Á, Martínez-Cava A, Franco-López F, 
Sánchez-Alcaraz BJ, Courel-Ibáñez J et al. Effects of a concurrent training, 
respiratory muscle exercise, and self-management recommendations on 
recovery from post-COVID-19 conditions: the RECOVE trial. Journal of applied 
physiology (Bethesda, Md: 1985). 2023;134(1):95–104.

10.	 Calvache-Mateo A, Reychler G, Heredia-Ciuró A, Martín-Núñez J, Ortiz-
Rubio A, Navas-Otero A, et al. Respiratory training effects in long COVID-19 
patients: a systematic review and meta-analysis. Expert Rev Respir Med. 
2024;18(3–4):207–17.

11.	 Bordoni B, Morabito B, Simonelli M. Ageing of the diaphragm muscle. Cureus. 
2020;12(1):e6645.

12.	 Greising SM, Ottenheijm CAC, O’Halloran KD, Barreiro E. Diaphragm plasticity 
in aging and disease: therapies for muscle weakness go from strength to 
strength. J Appl Physiol (Bethesda Md: 1985). 2018;125(2):243–53.

13.	 Goligher EC, Fan E, Herridge MS, Murray A, Vorona S, Brace D, et al. Evolution 
of diaphragm thickness during mechanical ventilation. Impact of inspiratory 
effort. Am J Respir Crit Care Med. 2015;192(9):1080–8.

14.	 Dres M, Demoule A. Monitoring diaphragm function in the ICU. Curr Opin 
Crit Care. 2020;26(1):18–25.

15.	 Parlak S, Beşler MS, Gökhan MB. Association of diaphragm thickness and 
density measured on chest CT with disease severity in COVID-19 patients. 
Am J Emerg Med. 2022;61:29–33.

16.	 You Y, Chen M, Chen X, Yu W. Diaphragm thickness on computed tomogra-
phy for nutritional assessment and hospital stay prediction in critical COVID-
19. Asia Pac J Clin Nutr. 2022;31(1):33–40.

17.	 Dal HC, Dolek BA, Beyoğlu MA, Acar D, Gozukara MG, Turan S. Evaluation of 
diaphragm thickness to predict intubation requirement and mortality in criti-
cal COVID-19 patients. Saudi Med J. 2022;43(10):1120–7.

18.	 Branea OE, Copotoiu SM, Becica DA, Budeanu AR, Budeanu RG, Becica ME, et 
al. Assessment of the diaphragm thickness decrease in critically ill COVID-19 
patients: could computed tomography be of aid regarding diaphragm 
muscle mass?? Cureus. 2023;15(10):e47195.

19.	 Kassin MT, Varble N, Blain M, Xu S, Turkbey EB, Harmon S, et al. General-
ized chest CT and lab curves throughout the course of COVID-19. Sci Rep. 
2021;11(1):6940.

20.	 Raptis CA, Hammer MM, Short RG, Shah A, Bhalla S, Bierhals AJ, et al. Chest CT 
and coronavirus disease (COVID-19): a critical review of the literature to date. 
AJR Am J Roentgenol. 2020;215(4):839–42.

21.	 Ni YN, Xu H, Li WJ, Sun JK, Liang BM, Liang ZA. Could the loss of diaphragm 
thickness measured by computer tomography predict the rate of reintuba-
tion? J Thorac Disease. 2020;12(3):581–91.

22.	 Saisawart P, Sutthigran S, Suksangvoravong H, Thanaboonnipat C, Rit-
thikulprasert S, Tachampa K, et al. Computed tomographic diaphragmatic 
thickness: a promising method for the evaluation of diaphragmatic muscle in 
cardiopulmonary diseased cats. Front Veterinary Sci. 2023;10:1247531.

23.	 Malik P, Patel U, Mehta D, Patel N, Kelkar R, Akrmah M, et al. Biomarkers and 
outcomes of COVID-19 hospitalisations: systematic review and meta-analysis. 
BMJ evidence-based Med. 2021;26(3):107–8.

24.	 Liu F, Li L, Xu M, Wu J, Luo D, Zhu Y, et al. Prognostic value of interleukin-6, 
C-reactive protein, and procalcitonin in patients with COVID-19. J Clin Virol-
ogy: Official Publication Pan Am Soc Clin Virol. 2020;127:104370.

25.	 Çil E, Sezgin Sayiner H. Length of hospital stay and risk factors associated with 
prognosis in COVID-19 patients: surprising results. Eur Rev Med Pharmacol 
Sci. 2022;26(14):5268–77.

26.	 Laghi FA Jr., Saad M, Shaikh H. Ultrasound and non-ultrasound imaging 
techniques in the assessment of diaphragmatic dysfunction. BMC Pulm Med. 
2021;21(1):85.

27.	 Hadda V, Raja A, Suri TM, Khan MA, Mittal S, Madan K, et al. Temporal evolu-
tion of diaphragm thickness and diaphragm excursion among subjects 
hospitalized with COVID-19: a prospective observational study. Respiratory 
Med Res. 2023;83:100960.

28.	 Farr E, Wolfe AR, Deshmukh S, Rydberg L, Soriano R, Walter JM, et al. Dia-
phragm dysfunction in severe COVID-19 as determined by neuromuscular 
ultrasound. Ann Clin Transl Neurol. 2021;8(8):1745–9.

29.	 Umbrello M, Guglielmetti L, Formenti P, Antonucci E, Cereghini S, Filardo C, 
et al. Qualitative and quantitative muscle ultrasound changes in patients 
with COVID-19-related ARDS. Nutr (Burbank Los Angeles Cty Calif ). 
2021;91–92:111449.

30.	 Lee Y, Son S, Kim DK, Park MW. Association of diaphragm thickness and 
respiratory muscle strength with indices of sarcopenia. Annals Rehabilitation 
Med. 2023;47(4):307–14.

31.	 Deniz O, Coteli S, Karatoprak NB, Pence MC, Varan HD, Kizilarslanoglu MC, et 
al. Diaphragmatic muscle thickness in older people with and without sarco-
penia. Aging Clin Exp Res. 2021;33(3):573–80.

32.	 Dams K, De Meyer GR, Jacobs R, Schepens T, Perkisas S, Moorkens G et al. 
Combined ultrasound of m. quadriceps and diaphragm to determine the 
occurrence of sarcopenia and prolonged ventilation in a COVID-19 ICU 
cohort: the COVID-SARCUS trial. Nutrition (Burbank, Los Angeles County, 
Calif ). 2024;117:112250.

33.	 Formenti P, Umbrello M, Castagna V, Cenci S, Bichi F, Pozzi T, et al. Respiratory 
and peripheral muscular ultrasound characteristics in ICU COVID 19 ARDS 
patients. J Crit Care. 2022;67:14–20.

34.	 Greising SM, Ermilov LG, Sieck GC, Mantilla CB. Ageing and neurotrophic 
signalling effects on diaphragm neuromuscular function. J Physiol. 
2015;593(2):431–40.

35.	 Özkal Ö, Kara M, Topuz S, Kaymak B, Bakı A, Özçakar L. Assessment of core 
and lower limb muscles for static/dynamic balance in the older people: an 
ultrasonographic study. Age Ageing. 2019;48(6):881–7.

36.	 Gheblawi M, Wang K, Viveiros A, Nguyen Q, Zhong JC, Turner AJ, et al. 
Angiotensin-converting enzyme 2: SARS-CoV-2 receptor and regulator of the 
renin-angiotensin system: celebrating the 20th anniversary of the discovery 
of ACE2. Circul Res. 2020;126(10):1456–74.

37.	 Nozato S, Yamamoto K, Takeshita H, Nozato Y, Imaizumi Y, Fujimoto T, et al. 
Angiotensin 1–7 alleviates aging-associated muscle weakness and bone loss, 
but is not associated with accelerated aging in ACE2-knockout mice. Clin Sci 
(London England: 1979). 2019;133(18):2005–18.



Page 10 of 10Tastemur et al. BMC Pulmonary Medicine          (2025) 25:152 

38.	 Shi Z, de Vries HJ, Vlaar APJ, van der Hoeven J, Boon RA, Heunks LMA, et al. 
Diaphragm pathology in critically ill patients with COVID-19 and postmortem 
findings from 3 medical centers. JAMA Intern Med. 2021;181(1):122–4.

39.	 Shi Z, Bogaards SJP, Conijn S, Onderwater Y, Espinosa P, Bink DI et al. COVID-19 
is associated with distinct myopathic features in the diaphragm of critically ill 
patients. BMJ Open Respiratory Res. 2021;8(1).

40.	 Parit R, Jayavel S. Association of ACE inhibitors and angiotensin type II block-
ers with ACE2 overexpression in COVID-19 comorbidities: a pathway-based 
analytical study. Eur J Pharmacol. 2021;896:173899.

41.	 Branea OE, Budeanu AR, Budeanu RG, Chiuzan AȘ, Nazaret IL, Copotoiu 
SM, et al. Computed tomography evaluation of diaphragm alterations in 
20 critically ill COVID-19 positive patients %J. Acta Marisiensis - Seria Med. 
2022;68(3):103–7.

42.	 Gao YD, Ding M, Dong X, Zhang JJ, Kursat Azkur A, Azkur D, et al. Risk 
factors for severe and critically ill COVID-19 patients: a review. Allergy. 
2021;76(2):428–55.

43.	 Dahan S, Segal G, Katz I, Hellou T, Tietel M, Bryk G, et al. Ferritin as a marker of 
severity in COVID-19 patients: a fatal correlation. Isr Med Association Journal: 
IMAJ. 2020;22(8):494–500.

44.	 Gatti S, Abbruzzese C, Ippolito D, Lombardi S, De Vito A, Gandola D et al. 
Ultrasound versus computed tomography for diaphragmatic thickness and 
skeletal muscle index during mechanical ventilation. Diagnostics (Basel 
Switzerland). 2022;12(11).

45.	 Ellis H. The diaphragm. Clinical anatomy. Applied anatomy for students and 
junior doctors 11th ed. H IE, editor: Massachusetts: Blackwell Publishing;; 
2006 2006. 14–8 p.

46.	 Shields T. In: Reed CE, Feins RH, editors. General thoracic surgery. Embryology 
and anatomy of the diaphragm. 7th ed. Philadelphia: Lippincott Williams & 
Wilkins;: Shields TW LJ; 2009. pp. 690–2.

47.	 Harrison GR. Upper Gastrointestinal surgery, the anatomy and physiology of 
the diaphragm. Springer Specialist Surgery Series; 2005. pp. 45–58.

48.	 Haaksma ME, van Tienhoven AJ, Smit JM, Heldeweg MLA, Lissenberg-Witte BI, 
Wennen M, et al. Anatomical variation in diaphragm thickness assessed with 
ultrasound in healthy volunteers. Ultrasound Med Biol. 2022;48(9):1833–9.

49.	 Mittal A, Dua A, Gupta S, Injeti E. A research update: significance of cytokine 
storm and diaphragm in COVID-19. Curr Res Pharmacol Drug Discovery. 
2021;2:100031.

50.	 Shirbhate E, Pandey J, Patel VK, Kamal M, Jawaid T, Gorain B, et al. Under-
standing the role of ACE-2 receptor in pathogenesis of COVID-19 disease: 
a potential approach for therapeutic intervention. Pharmacol Rep. 
2021;73(6):1539–50.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Diaphragm thickness and ICU admission risk in elderly COVID-19 patients: a CT-based analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data collection
	﻿Radiological measurement
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


